Background: Cardiovascular disease (CVD) is a common comorbidity in patients with chronic airway obstruction, and is associated with systemic inflammation and airway obstruction. The aim of this study was to evaluate the predictors of CVD in two different conditions causing chronic airway obstruction, asthma and COPD. Methods: Lung function tests, clinical and echocardiographic data were assessed in 229 consecutive patients, 100 with asthma and 129 with COPD. CVD was classified into: pressure overload (PO) and volume overload (VO). Sub-analysis of patients with ischemic heart disease (IHD) and pulmonary hypertension (PH) was also performed. Results: CVD was found in 185 patients (81%: 51% COPD and 30% asthmatics) and consisted of PO in 42% and of VO in 38% patients. COPD patients, as compared to asthmatics, had older age, more severe airway obstruction, higher prevalence of males, of smokers, and of CVD (91% vs 68%), either PO (46% vs 38%) or VO (45% vs 30%). CVD was associated with older age and more severe airway obstruction both in asthma and COPD. In the overall patients the predictive factors of CVD were age, COPD, and male sex; those of PO were COPD, BMI, VC, FEV 1 and MEF 50 and those of VO were age, VC and MEF 50 . In asthma, the predictors of CVD were VC, FEV 1 , FEV 1 /VC%, and PaO 2 , those of PO were VC, FEV 1 and FEV 1 /VC%, while for VO there was no predictor. In COPD the predictors of CVD were age, GOLD class and sex, those of VO age, VC and MEF 50 , and that of PO was BMI. Sub-analysis showed that IHD was predicted by COPD, age, BMI and FEV 1 , while PH (found only in 25 COPD patients), was predicted by VO (present in 80% of the patients) and FEV 1 . In subjects aged 65 years or more the prevalence of CVD, PO and VO was similar in asthmatic and COPD patients, but COPD patients had higher prevalence of males, smokers, IHD, PH, lower FEV 1 and higher CRP. Conclusions: The results of this study indicate that cardiovascular diseases are frequent in patients with chronic obstructive disorders, particularly in COPD patients. The strongest predictors of CVD are age and airway obstruction. COPD patients have higher prevalence of ischemic heart disease and pulmonary hypertension. In the elderly the prevalence of PO and VO in asthma and COPD patients is similar.
Background
Asthma and chronic obstructive pulmonary disease (COPD) are the most common airway disorders with a high morbidity and mortality [1, 2] . According to the Global Initiative for Asthma (GINA), approximately 300 millions people suffer from asthma [1] with a prevalence ranging from 1 to 18%. COPD prevalence is around 6%, but data are highly variable, depending on survey methods and diagnostic criteria [3] .
Both asthma and COPD are characterized by inflammation, which in asthma, particularly the eosinophilic phenotype, is predominantly confined to the airway, while in COPD the inflammation may spill-over from the lungs to the systemic circulation and initiate systemic inflammation, as a consequence of exposure to indoor or outdoor air pollution, cigarette smoke, or diesel exhaust fumes [4] . A recent observation indicates that patients with neutrophilic asthma often have systemic inflammation [5] . Elevated serum levels of reactive Creactive protein (CRP) are considered markers of systemic inflammation either in COPD or in asthma [5, 6] . Systemic inflammation may be pathogenically related to many of the comorbidities seen in chronic obstructive airway diseases, including cardiovascular disease (CVD). Cardiovascular complications in COPD have been attributed to the systemic effects of smoking [7] . Several observations suggest that reduced pulmonary function, no matter what cause, is associated with increases in myocardial infarction and arrhythmia [8] [9] [10] [11] . Forced expiratory volume in one second (FEV 1 ) is ranked second to smoking and above blood pressure and cholesterol as a predictor of all-cause and cardiovascular mortality [12] . In this regard, it has been suggested that a reduction in FEV 1 combined with smoking history better predicts cardiovascular mortality than cholesterol [13] .
The aim of this study was to evaluate prevalence and predictors of CVD in two common airway obstructive diseases with quite different phenotypes, asthma and COPD.
Methods
Consecutive adults outpatients with asthma and COPD, diagnosed according to international guidelines [1, 2] , were recruited from those attending the Respiratory Pathophysiology clinic of the University Hospital San Giovanni, Turin, Italy, between January 2011 and June 2012. Inclusion criteria were: age over 40 years, no acute exacerbation of COPD and asthma in the last two months, no active pulmonary tuberculosis or other clinically relevant lung disease. Patients aged below 40 years were excluded because in this age range the risk of COPD is low [14] .
Study design
Patients underwent recording of demographic data including age, full smoking history (current, former and never-smokers), recording of symptoms and medication use, clinical examination, assessment of lung function tests, arterial blood gas analysis and venous blood sampling for serum determination of CRP. Body mass index was calculated on the basis of height and weight (BMI) [15] . Asthma and COPD severity were classified according to GINA [1] and GOLD [2] criteria, respectively. Among COPD patients, those with predominant chronic bronchitis and predominant emphysema were identified.
Coexistent cardiovascular disease was assessed on the basis of history, clinical and echocardiographic data. CVD included: prior myocardial infarction and cardiovascular accidents, documented ischaemic heart disease, pulmonary or systemic arterial hypertension, heart valve disease, echocardiographic diagnosis of pulmonary hypertension.
According to the criteria of the American Heart Association [16] , heart disease was classified as follows:
-pressure overload (PO), causing diastolic dysfunction with preserved systolic function, including all the conditions causing concentric left ventricle hypertrophy, such as systemic arterial hypertension and aortic valve disease -volume overload (VO), including all the conditions causing left ventricle dilatation and systolic dysfunction, such as mitral or aortic incompetence and ischemic heart disease.
Sub-analysis was done on patients with ischemic heart disease (IHD) and pulmonary hypertension (PH).
Lung function tests were measured using the Baires System (Biomedin, Padua, Italy). The values of vital capacity (VC), forced expiratory volume in one second (FEV 1 ), and their percentage ratio (FEV 1 /VC%), and maximum expiratory flow at mid VC (MEF 50 ) were computed and expressed as percentage of the predicted value, according to the European Respiratory Society guidelines [17] .
Arterial blood gases, that is oxygen and carbon dioxide partial pressures (PaO 2 and PaCO 2 respectively) were measured using the analyzer GEM 4000 PREMIERE (Instrumentation Laboratory Lexington USA).
Statistical analysis
Data were analyzed using the SPSS software package, version 20.0 (SPSS Inc., Chicago, IL, USA) for Windows. Discrete variables are presented as counts and percentages. Continuous variables are presented as means ± SEM, as appropriate. Comparisons between asthmatics and COPD patients, and between patients with predominant chronic bronchitis and predominant emphysema were performed by the unpaired Student's t-test. Comparisons among CVD, PO and VO patients with univariate ANOVA. Nominal variables were compared with the Fisher's exact test and Pearson's χ 2 . A stepwise backward selection procedure was used to evaluate factors influent on heart disease, using a linear regression models. The models had as dependent variables CVD, PO or VO and as independent predictors: disease (asthma or COPD), age, sex, BMI, smoking habits, GINA or GOLD class, prebronchodilator lung function tests, PaO 2 , CRP. The same models were used to evaluate predictors for asthma and COPD separately and for the sub-analysis of patients with IHD or PH.
Statistical significance was assumed at p < 0.05.
Results
The subjects enrolled were 100 asthmatic patients and 129 COPD patients. CVD was found in 185 patients (81%), and consisted of pressure overload in 97 (42%) and of volume overload in 88 (38%). IHD was found in 58 patients (25%), 8 asthmatics and 50 COPD, and PH in 25 (11%), all with COPD. The general characteristics of asthmatic and COPD patients are compared in Table 1 . The COPD group was older, and had higher prevalence of men and of both present and past smokers, more severe airway obstruction and higher prevalence of heart disease, including PO, VO, IHD and PH. Moreover, COPD patients had higher CRP values than asthmatics, suggestive of systemic inflammation. No significant difference in PaO 2 and PaCO 2 was found between the two groups. The comparisons among subgroups with no cardiovascular disease (No CVD), with PO and VO in the overall patients, in asthma and in COPD are reported in the Tables 2, 3 and 4. In the overall patients (Table 2) , both PO and VO, as compared with no CVD, were associated with older age and lower VC, FEV 1 , FEV 1 /VC and MEF 50 and higher CRP. The same associations (apart from CRP) were found in asthmatic patients (Table 3 ). In COPD patients (Table 4 ) the significant associations were with age and MEF 50, %.
The results of linear regression analysis are shown in Table 5 for the whole patients, in Table 6 for asthmatic patients and in Table 7 for COPD patients. In the overall patients predictive factors of CVD were: age, COPD, and sex; those of PO were COPD, BMI, VC, FEV 1 and MEF 50 and those of VO were age, class of disease severity, VC and MEF 50 . In asthma, the strongest predictors of CVD were VC, FEV 1 and FEV 1 /VC%, and PaO 2 , those of PO were VC, FEV 1 and FEV 1 /VC%; no predictor was found for VO. In COPD the predictors of CVD were age, GOLD class and sex; those of VO were age, VC and MEF 50 , while the only predictor of PO was BMI.
As shown in Table 8 , the predictors of IHD were COPD, age, BMI and FEV 1 and those of PH, found only in COPD patients, were VO (present in 80% of the patients) and FEV 1 .
The distributions of PO and VO by severity of asthma (GINA) and COPD (GOLD) are reported in Figure 1 . In asthma, there is a clear increase in the prevalence of both PO and VO with increasing the severity class, while in COPD the prevalence of each type of CVD is similar in all classes. The comparison between chronic bronchitis and emphysema patients, shown in Table 9 , showed that the latter ones had older age, lower BMI, more severe airway obstruction and higher prevalence of heart volume overload and of pulmonary hypertension.
As one of the stronger predictors of CVD was age, we made a sub-analysis on subjects with an age equal to 65 years or higher. As shown in Table 10 , the prevalence of CVD, PO and VO was similar in asthmatic and COPD patients; the latter had higher prevalence of men, smokers, lower FEV 1 , higher CRP and of IHD and PH. The results of linear regression analysis in these older patients are reported in Tables 11, 12 and 13.
Discussion
The results of this study show that patients with chronic airway obstructive disorders, either asthma or COPD, have increased prevalence of cardiovascular diseases as compared to the general population of similar age [18] . The comparison between the two disorders, (see Table 1) showed that CVD, particularly with volume overload, was more frequent in COPD patients, who had also older age, higher BMI, heavy smoking history, increased CRP and greater airway obstruction. This finding is in agreement with prior observations that in COPD comorbidities are frequent and are sustained by systemic inflammation and by smoking [4, 6, 7] . The comparison among patients without CVD, with PO and VO, showed that both pressure and volume overload were associated with older age and increased airway obstruction, either in asthma or in COPD, (see Tables 2, 3 and 4) . These findings are in agreement with prior observations in COPD [8] [9] [10] [11] [12] [13] 19] . Unfortunately, relatively little research has been done in asthma [14] . It is generally believed that the link between asthma and CVD is less strong than that for COPD [14, 20, 21] and this applies particularly to ischemic heart disease in asthmatic males. By contrast, in women adult-onset asthma has been found to be a significant risk factor for IHD and stroke [21, 22] . Although only 8 of our asthmatic patients had IHD, as many as 6 of them (75%) were never smoking women. However, the strongest predictors of IHD were COPD, age, BMI and FEV 1 , as previously suggested [19, 23] . The strong association of COPD with IHD is attributed to the effect of cigarette smoking [19] [20] [21] [22] [23] [24] , and about 90% of our COPD patients were past or present smokers. The subanalysis of COPD patients with predominant chronic bronchitis or emphysema, (see Table 9 ), showed that the emphysema phenotype was associated with older age, lower BMI, more severe airway obstruction and higher Figure 1 Distributions of heart pressure overload (PO) and volume overload (VO) by GINA asthma severity class (left graph), and by GOLD COPD severity class (right graph). prevalence of pulmonary hypertension and of volume overload. Unfortunately, there are no data in the literature comparing CVD in the two COPD phenotypes. As mentioned above, age and COPD were the strongest predictors of CVD, but the two factors were closely linked each other, as COPD patients were significantly older than asthmatics. To clarify this point, we performed a sub-analysis on patients with an age equal to or higher than 65 years. As shown in Table 10 , older asthmatics had the same prevalence of CVD than COPD patients (91% versus 95%). However, also in the elderly, the prevalence of IHD and PH was higher in COPD. Pulmonary hypertension deserves a special comment. PH in COPD is classically attributed to severe hypoxia causing raised pulmonary pressures, but other factors such as endothelial dysfunction or left heart disease, are deemed to play a role [24] . In our patients, the predictors of PH were FEV 1 and volume overload, suggesting that both airway obstruction and post capillary mechanisms participated in increased pulmonary vascular resistance. Actually, VO was present in 80% of patients with PH.
Conclusions
In conclusion, the results of this study indicate that cardiovascular disease are frequent in patients with chronic obstructive disorders, particularly COPD. The strongest predictors of CVD are age and severity of airway obstruction. In older patients the prevalence of CVD is similar in asthma and COPD, apart from ischemic heart disease and pulmonary hypertension, which are strongly associated with COPD.
